groups named KpI, KpII-A, KpII-B and KpIII (Brisse & Verhoef, 2001; Brisse et al., 2004; Fevre et al., 2005) . The three taxonomic subspecies K. pneumoniae subsp. pneumoniae, K. pneumoniae subsp. rhinoscleromatis and K. pneumoniae subsp. ozaenae all belong to KpI (Brisse & Verhoef, 2001; Brisse et al., 2009; . Three novel species of the genus Klebsiella have been described in the last decade: Klebsiella variicola , Klebsiella singaporensis (Li et al., 2004) and Klebsiella michiganensis (Saha et al., 2013) . The aim of this work was to clarify the links between K. pneumoniae phylogroups and species of the genus Klebsiella and to update the taxonomy of the genus Klebsiella.
The type strains of species and subspecies of the genus Klebsiella with validly published names were included (Figs S1 and S2 available in the online Supplementary Material). No strains representing Klebsiella granulomatis were included, because this species has not yet been cultured axenically (Carter et al., 1999) . Strains 01A030 T (our internal strain bank ID, SB11 T ) and 07A044 T (5SB30 T ) were included as reference strains for groups KpII-A and KpII-B, respectively (Brisse & Verhoef, 2001; Fevre et al., 2005) . Additional isolates of phylogenetic groups KpI, KpII-A, KpII-B and KpIII (Brisse & Verhoef, 2001; Haeggman et al., 2004) were included ( ) and 01A065 served as references for groups KpI and KpIII, respectively (Brisse & Verhoef, 2001 ). For comparison purposes, the complete genome sequences of K. pneumoniae strains DSM 30104 T , MGH 78578 and NTUH-K2044 (Wu et al., 2009) , Klebsiella mobilis (5Enterobacter aerogenes) EA1509E (Diene et al., 2013) and K. variicola strains 342 and At-22 (Pinto-Tomás et al., 2009) were used.
Strains were grown in tryptocasein soy agar (Bio-Rad). The isolates were characterized using API20E, API50 CH and Biotype-100 strips (bioMérieux) following the manufacturer's recommendations. Biotype-100 strips, which are not available commercially anymore, contained 99 carbohydrate substrates in cupules . Cultures were inoculated in minimal medium 1, except that medium 2 was used for K. pneumoniae subsp. rhinoscleromatis and for K. pneumoniae subsp. ozaenae, as recommended . Tests were also performed on agar plates using minimal medium M70 (Grimont & Grimont, 1978; Veron, 1975) with 0.1 % (w/v) of the chosen carbon source and without growth factor. Acid formation from adonitol, L-sorbose and dulcitol was controlled in peptone water using bromothymol blue. Growth at 5, 11 and 41 u C was assessed in tryptocasein soy broth in 10 ml flasks.
Bacteria were plated on tryptocasein soy agar and one colony was grown overnight with shaking at 37 u C in 10 ml tryptocasein soy broth. DNA was extracted using the Wizard Genomic DNA purification kit (Promega). DNAs were stored at 220 u C. The nearly complete (1462 nt) sequence of the rrs gene (coding for the 16S rRNA) was obtained using PCR primers Ad (positions 8-27) and rJ (positions 1492-1510) and internal sequencing primers D, E and rE (Table S1 ) as previously described (Delétoile et al., 2009; Janvier et al., 2003) . Internal portions of proteincoding genes fusA, gapA, gyrA, leuS and rpoB, totalling 2609 nt, were PCR-amplified and sequenced using primers and conditions described in Table S1 (Brisse & Verhoef, 2001; Diancourt et al., 2005; Salerno et al., 2007) . Sequences were obtained by Sanger sequencing using Big Dye chemistry on an ABI3730XL apparatus.
Strains 01A030
T (KpII-A) and 07A044 T (KpII-B) were sequenced using Illumina technology with 26300 nt or 26100 nt paired-end protocols, respectively. Draft genome sequences were assembled into 65 and 46 contigs, respectively, using the CLC Genomics Workbench package v4.20 (CLCbio). The resulting genome sequences were compared to those of DSM 30104 T (NZ_AJJI01000000) and to K. variicola strain At-22 (NC_013850.1). JSpecies (Richter & Rosselló -Mó ra, 2009 ) was used to calculate average nucleotide identity (ANI) using BLAST. Sequence chromatograms were edited using BioNumerics v6.6 (Applied-Maths). Phylogenetic analyses were performed using software MEGA v5.1 (Tamura et al., 2011) based on neighbour-joining or maximum-likelihood methods and using the Jukes-Cantor substitution model. rrs gene phylogeny was based on all sites with no gaps or ambiguous sites. Average nucleotide divergence values were calculated using DNAsp version 5 (Librado & Rozas, 2009 (Fig. S1 ). The three subspecies of K. pneumoniae and K. variicola, K. singaporensis, K. granulomatis and strains 07A044
T and 01A030 T formed a single branch (the K. pneumoniae clade), whereas K. michiganensis branched close to Klebsiella oxytoca. Except for this latter grouping, no branch was strongly supported by bootstrap analysis, which shows that the phylogenetic information content of the highly conserved 16S rRNA sequence is limited within the genus Klebsiella, as previously reported (Boye & Hansen, 2003; Naum et al., 2008) .
The sequence of an internal portion of 501 nt of the rpoB gene showed that all sequences were more than 93.6 % similar. KpIII strain 01A065 and the type strains of K. (Fig.  S2) demonstrated that KpII-A and KpII-B were sister groups (they differed by 11 nucleotides, i.e. 97.8 % similarity) and were distinct from currently described species even though they were closely related to K. pneumoniae.
Internal portions of the five protein-coding genes fusA, gapA, gyrA, leuS and rpoB were sequenced (Table S1 ). Out of the 2609 nucleotide positions, 411 (15.7 %) were variable, resulting in an informative dataset for phylogenetic analysis (Fig. 1) . It was evident that the four sequence groups were clearly demarcated, with no strain having an intermediate phylogenetic position. Compared with their large inter-group distances, the average nucleotide divergence within each group was limited (0.22 % for KpII-A, 0.24 % for K. pneumoniae, 0.28 % for KpII-B and 0.16 % for K. variicola). Remarkably, distinction among the four groups was also observed based on each of the individual gene phylogenies (especially leuS and rpoB, Fig. S3) , showing restricted homologous recombination. These results underline the clear genetic demarcation of the four phylogroups. KpII-A and KpII-B were associated by a common ancestral node in the five individual gene phylogenies, and their phylogenetic association was supported by maximal bootstrap value based on the five concatenated genes. These observations provide support for the hypothesis that these two phylogroups share a common ancestor.
Consistent with current taxonomy, the members of the K. pneumoniae cluster included the type strains of K. pneumoniae subsp. pneumoniae, K. pneumoniae subsp. rhinoscleromatis and K. pneumoniae subsp. ozaenae (Brisse & Verhoef, 2001; Brisse et al., 2009 ). The K. pneumoniae cluster also included reference strains MGH 78578 and NTUH-K2044, but not strain 342, which was sequenced under the name K. pneumoniae (Fouts et al., 2008) but fell in the K. variicola cluster. Strain 342 only differed from the K. variicola type strain F2R9
T by a single nucleotide polymorphism out of the 2609 sites. Therefore, this endophytic strain clearly is a strain of K. variicola . KpIII strain 01A065 also fell within the K. variicola cluster, demonstrating that KpIII should be classified as a representative of K. variicola Martínez et al., 2004) . KpII-A included reference strain 01A030
T and eight other strains from hospital infections, whereas KpII-B included isolates from human infections and one isolate from a dog infection.
In order to estimate the genome-wide divergence among the four groups, we established the genomic sequences of 01A030 T and 07A044 T . The ANI between these strains was 96.5 %, indicating they are representatives of the same species (Konstantinidis & Tiedje, 2005; Richter & Rosselló -Mó ra, 2009) . In contrast, the ANIs between 01A030
T and 07A044 T and K. pneumoniae and K. variicola were below 94 % (Table 2) , indicating they represent a novel species.
The phenotypic characteristics of K. pneumoniae subsp. pneumoniae, K. variicola, KpII-A and KpII-B were compared using the isolates of these groups shown in Table 1 . We determined that all strains were non-motile by microscopy and a mannitol-mobility soft agar test. All these isolates were positive for utilization of lactose and D-mannitol and for urease, malonate, lysine decarboxylase, the VogesProskauer test and the ONPG test and reduced nitrate to nitrite, whereas they were all negative for indole and ornithine decarboxylase. All strains failed to grow at 5 uC but did grow at 11 u C, 37 u C and 41 u C. K. pneumoniae subsp. rhinoscleromatis and K. pneumoniae subsp. ozaenae did not grow at 11 u C and were negative for urease and lysine decarboxylase; K. pneumoniae subsp. ozaenae was negative for malonate; and K. pneumoniae subsp. rhinoscleromatis was negative for Voges-Proskauer and ONPG tests.
Fermentation and substrate assimilation tests that were variable are indicated in Table S2 (tests that gave identical results are indicated in the footnote of Table S2 ). Adonitol, L-sorbose, D-arabinose, dulcitol, inulin, starch, D-tagatose and turanose differed sharply among the four groups (Table  S2 ). Adonitol was negative in all K. variicola strains, as previously described (Brisse & Verhoef, 2001; and in 44 % of KpII-A, whereas it was positive for all K. pneumoniae and KpII-B strains. L-Sorbose fermentation was positive in 44 % of KpII-A and in all K. variicola isolates, but was negative for other strains. Tricarballylic acid was widely utilized as carbon source by isolates of KpII-A (89 %), KpII-B (all isolates) and K. variicola (83 %), but not by isolates of K. pneumoniae. Furthermore, 3-phenylpropionate was utilized only by KpII-A isolates, even then only by a fraction of these (62 %, based on 21 KpII-A strains tested in total). The ability to utilize this substrate is a unique feature among members of the genus Klebsiella . Remarkably, 5-keto-D-gluconate assimilation was positive for all isolates of K. variicola, but negative for most isolates of the other taxa. The most interesting differential characteristics of the taxa under study are summarized in Table 3. K. variicola and K. singaporensis were described independently in 2004 (Li et al., 2004; . To our knowledge K. singaporensis, which was defined based on a single strain (Li et al., 2004) , has not been previously compared with K. variicola. Sequences were obtained for fusA and leuS from the K. singaporensis type strain LX3 T . As for rpoB, the sequences for fusA were totally identical between the K. singaporensis and K. variicola type strains, whereas the sequence of leuS was 99.06 % similar. In addition, K. singaporensis strain LX3 T was adonitol-and Nacetylglucosamine-negative, but positive for D-arabitol, L-sorbose, dulcitol, D-tagatose and 5-keto-D-gluconate. Therefore, it had biochemical characteristics consistent with those of K. variicola. As the description of K. singaporensis was published (Li et al., 2004) after the description of K. variicola , we conclude that K. singaporensis is as a junior heterotypic synonym of K. variicola, which therefore has priority.
Description of Klebsiella quasipneumoniae sp. nov.
Klebsiella quasipneumoniae (qua.si.pneu.mo9ni.ae L. adv. quasi almost like; N.L. fem. n. pneumonia pneumonia, disease or inflammation of the lungs; N.L. fem. gen. n. quasipneumoniae similar to pneumoniae, the specific epithet of K. pneumoniae).
The description is based on 13 strains. Cells are Gramstain-negative, non-motile, non-spore-forming, straight, rod-shaped and capsulated. Colonies are smooth, circular, white, dome-shaped and glistening. The general characteristics are as described for the genus Klebsiella and as listed in Table S2 . Fails to grow at 5 u C but grows at 11 u C, 37 u C and 41 uC. Indole-negative, urease-positive, ONPG-positive, Voges-Proskauer test positive. Lysine decarboxylasepositive, ornithine decarboxylase-negative. Does not grow on melezitose and histamine. Distinguished from K. pneumoniae and K. variicola by the characteristics listed in Tables 3 and S2 . Produces acid from N-acetylglucosamine. T and assigned to phylogenetic group KpII (Brisse & Verhoef, 2001 ) and KpII-A (Fevre et al., 2005) . The DNA G+C content of the type strain is 55.9 mol%.
Description of Klebsiella quasipneumoniae subsp. quasipneumoniae subsp. nov.
The description is based on nine strains. Distinguished from K. pneumoniae, K. variicola and K. quasipneumoniae subsp. similipneumoniae by the characteristics listed in Table 3 and Table S2 . The type strain is strain 01A030
Description of Klebsiella quasipneumoniae subsp. similipneumoniae subsp. nov.
Klebsiella quasipneumoniae subsp. similipneumoniae (si.mi.li.pneu.mo9ni.ae L. adj. similis similar to; N.L. fem. n. pneumonia pneumonia, disease or inflammation of the lungs; N.L. fem. gen. n. similipneumoniae similar to pneumoniae, the specific epithet of K. pneumoniae).
The description is based on four strains. Distinguished from K. pneumoniae, K. variicola and K. quasipneumoniae subsp. quasipneumoniae by the characteristics listed in Tables 3  and S2 . Produces acid from dulcitol, N-acetylglucosamine, amygdalin and D-tagatose. Does not produce acid from melezitose. Grows on dulcitol, D-tagatose, L-tartrate, mesotartrate, benzoate and L-histidine. Does not grow on melezitose, xylitol, turanose or 5-aminovalerate.
The type strain is 07A044 T (5SB30 T 5CIP 110770 T 5DSM 28212 T ), isolated from a blood culture of a patient in Freiburg, Germany, in 1997. The strain was previously named SB30
T and assigned to phylogenetic groups KpII (Brisse & Verhoef, 2001 ) and KpII-B (Fevre et al., 2005) . The DNA G+C content of the type strain is 57.8 mol%. 
